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(57) Abstract 

A body implantable stent (16) consists of two or more generally tubular, coaxial and slidably connected stent segments (20, 
22). Each segment (20, 22) is of open weave construction, formed of multiple braided, hehcally wound strands of ^ res. Lent mater.- 
al. The stent is elastically deformed to a reduced radius when deployed. When released after posiuonmg, the stent ( 6) self-ex- 
pands radially and each segment (20, 22) contracts in the axial direction To preserve a consistent engA of the stent (16) the ax- 
ially outward and non-overlapping portions (30, 32) of the stent (16) can be des.gned for ^^^Jf!S^SSSi 
as radially outward flares (34, 36). Alternative engU. include the addrtion of ««nforang filaments 

(62) near he stent opposite ends tc ^AWQ. USSN. 10/132,754 k^S^^tf^**"* 
and securing an elongate, axially directed, fie J) 10 mc "PF"»" C v 



t 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


es 


Spain 


MC 


Madagascar 


AU 


Australia 


pi 


Finland 


ML 


Mali 


KB 


Barbados 


PR 


France 


MN 


Mongolia 


BE 


Belgium 


GA 


Gabon 


MR 


Mauritania 


BF 


Burkina Faso 


GB 


United Kingdom 


MW 


Malawi 


BG 


Bulgaria 


GN 


Guinea 


NL 


Netherlands 


BJ 


Benin 


GR 


Greece 


NO 


Norway 


BR 


Brazil 


HU 


Hungary 


PL 


Poland 


CA 


Canada 


IT 


Italy 


RO 


Romania 


CF 


Genual African Republic 


JP 


Japan 


SO 


Sudan 


CG 


Congo 


KP 


Democratic People's Republic 


SB 


Sweden 


CH 


Switzerland 




of Korea 


SN 


Senegal 


a 


C6tc d'Woirv 


KR 


Republic of Korea 


SU 


Soviet Union 


CM 


Cameroon 


U 


Liechtenstein ' ,r 


TD 


Chad--' i-'- 


GS 


Chechoslovakia 


LK 


■Sri Lanka - — 


TC 


TofO 


DE 


Germany 


Ul 


Luxembourg 


US 


United States of America 


DK 


Denmark 


MC 


Monaco 







Ill 



PCI7US91/028S4 



- 1 - 

SELF- EXPANDING PROSTHESIS HAVING STABLE AXIAL LENGTH 

Technical Field 
The present invention relates to body 
implantable devices, and more particularly to 
prostheses and grafts intended for long-term or 
permanent fixation in body cavities. 

Background Art 
A wide variety of patient treatment and 
diagnostic procedures involve the use of devices 
inserted into the body of the patient, with some of 
these devices being permanently implanted. Among 
these devices are prostheses or grafts for 
transluminal implantation, for example as disclosed 
in U. S. Patent No. 4,655,771 (Wallsten) . The 
prosthesis described in Wallsten is a flexible 
tubular braided structure formed of helically wound 
thread elements. Gripping members at opposite ends 
of the prosthesis initially secure it to a catheter, 
with the proximal gripping member being movable 
distally to give the prosthesis the shape of a 
balloon. In deployment, the gripping members and 
catheter are removed, leaving the prosthesis to 
assume a substantially cylindrical shape as it 
slightly expands and substantially conforms to a 
blood vessel wall or other tissue. Another 
prosthesis is disclosed in U. S. Patent No. 4,681,110 
(Wiktor) . A flexible tubular liner, constructed of 
braided strands of a flexible plastic, is insertable 
into the aorta, whereupon it self-expands against an 
aneurysm to direct blood flow past the aneurysm. The 
braided stents of Wallsten and Wiktor axially 
contract as they radially expand. 

Another elastic stent is shown in" U. -S.-"- Patent 
No. 4,830,003 (Wolff et al). The stent includes a ~'- 
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series of generally longitudinal wires welded 
together in pairs, with the wires in each pair then 
bent into a "V" shape. Like the braided stents, this 
stent shortens axially as it radially expands. 

Prostheses also have been constructed of 
plastically deformable materials. U. S. Patent No. 
4,733,665 (Palmaz) discloses intraluminal vascular 
grafts radially expanded using angioplasty ballpons. 
The grafts are wire mesh tubes, and axially shorten 
as they radially expand. U. S. Patent No. 4,800,882 
(Gianturco) features a stent formed of wire, 
including a plurality of serpentine bends to form 
opposed loops. A balloon is inflated to radially 
expand the stent, without substantial axial 
shortening. 

Yet another approach to prosthesis design is 
shown in U. S. Patent No. 3,868,956 (Alfidi et al) . 
Alfidi et al discloses a strainer or screen with a 
plurality of generally longitudinal wires, bound 
together by a cylindrical sleeve. The wires are 
deformable into a longitudinal, straight-line 
configuration for implantation. Once implanted, the 
device is heated. Due to the recovery property of 
the metal forming the wires (e.g. nitinol alloy) , 
heating causes the wires to flare radially outward at 
the opposite ends, thus to secure the device at the 
desired location. A stent including means for 
maintaining a constant axial length in spite of 
radial expansion or contraction, is disclosed in U. 
S. Patent No. 4,553,545 (Maass et al) , as a 
prosthesis in the form of a helical coil spring. In 
one embodiment, a constant axial length of the spring 
is maintained, with opposite ends of the spring 
rotated relative to one another to change the spring 
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pitch and radius. An alternative approach involves 
maintaining a constant pitch over a given section of 
a spring, by providing spring material to a "constant 
length" section from a more compressed section of the 
5 spring. In each case, the spring preferably is 

elastic, with a memory favoring the radially expanded 
configuration. 

A self -expanding stent or prosthesis often is 
preferred over a plastically deformed device. 

10 Resilient stents can be deployed without dilatation 
balloons or other stent expanding means. A 
self -expanding stent can be preselected in accordance 
with the diameter of the blood vessel or other 
fixation site. While deployment requires skill in 

15 positioning the prosthesis, the added skill of 

properly dilating the balloon to plastically expand a 
prosthesis to a selected diameter is not required. 
Also, the self -expanding device remains at least 
slightly compressed after fixation, and thus has a 

20 restoring force which facilitates acute fixation. By 
contrast, the plastically expanded stent must rely on 
the restoring force of deformed tissue, or on hooks, 
barbs or other independent fixation means . 

Further advantages arise from constructing the 

25 prosthesis of multiple, braided and helically wound 
strands or filaments as in the aforementioned 
Wallsten patent. The filaments themselves have a 
restoring force which causes the filaments to bear 
against tissue walls of the body cavity in which the 

30 stent is fixed, thus maintaining the cavity open. At 
the same time there is sufficient space between 
adjacent filaments to promote embedding of the stent 
into the tissue, and fibrotic growth to enhance 
long-term fixation. A further advantage of this 
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construction .is that it enables a substantial radial 
contraction of the prosthesis during deployment, for 
example to as little as about one-fourth of the 
normal diameter (the diameter in the relaxed state, 
5 i.e. when subject to no external forces). This 
facilitates deployment of the prosthesis through 
narrow vessels or other constrictions on the way to 
the point of fixation. 

At the same time, a substantial axial elongation 

10 accompanies the radial contraction. There is a 

substantial axial contraction or shortening as the 
stent self expands, once free of its radial 
constraint. Thus, there is a rubbing or scraping 
action axially along tissue as the radially expanding 

15 stent also axially shortens. Should tissue at the 
fixation area further yield to radial prosthesis 
expansion in the longer term, such expansion causes 
further axial shortening and wiping action, and 
presents further risk of injury to tissue. A further 

20 drawback is that a stent during its fixation may 
radially expand more than expected, retaining less 
than the intended or minimum necessary axial length. 
Likewise, a plastically deformable stent may require 
more than the anticipated radial expansion and axial 

25 shortening. 

Therefore, it is an object of the present 
invention to provide a prosthesis of open weave, 
helical and braided construction capable of 
substantially maintaining its axial length as it 

30 radially self-expands. 

Another object is to provide a radially 
expanding tubular stent comprised of at least two 
stent segments, with an area of overlap of the 
sections variable in axial length to maintain a 



WO 92/00043 



PCT/US91/02854 



_ 5 - 

consistent axial separation between non-overlapping 
ends of the stent. 

Yet another object is to provide a stent with a 
medial portion variable in axial length, in 
5 combination with means at the opposite end portions 
of the stent for fixing the stent to bodily tissue, 
such that the bodily tissue maintains a substantially 
constant axial separation of the two end portions 
during any radial expansion or contraction of the 
10 stent. 

Disclosure of Invention 
To achieve these and other objects, there is 
provided a body implantable device, including coaxial 
first and second open weave stent segments slidably 

15 engaged to form a stent. The stent segments are 

engaged along respective concentric first and second 
axially inward portions overlapping one another to 
form a medial region of the stent. Further, the 
stent segments include opposite non-overlapping first 

20 and second axially outward regions with respective 

and opposite first and second ends of the stent. The 
stent segments , at least along the axially inward 
portions, have a predetermined first diameter and a 
predetermined first axial length. The stent segments 

25 are radially compressible to a second diameter less 
than the first diameter and to a second axial length 
longer than the first axial length, to facilitate an 
axial insertion of the stent into a body cavity for 
delivery to a selected location along the body cavity 

30 and subsequent fixation of the stent to a cavity wall 
segment defining the body cavity. During its 
fixation, the stent radially expands. The first and 
second axially inward portions slide relative to one 
another to reduce the axial length of "the medial 
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region during the radial expansion. Thus the stent 
maintains a substantially constant axial length 
during radial expansion. 

A preferred approach uses means for fixing the 
5 outward ends of a self -expanding stent, e.g. 

respective first and second flared outer end portions 
along the axially outward regions of the stent. The 
first and second ends have diameters greater than the 
first diameter when the stent is in the relaxed 

10 state, and when compressed tend to have a greater 
restoring force against the cavity wall segment, as 
compared to the remainder of the stent. The end 
diameters should be greater than the medial region 
diameter by five percent or more, ensuring a 

15 substantial difference in restoring force for a 

relatively constant diameter of the cavity along the 

tissue wall segment. 

Alternatively, the outer end portion of each 
stent segment can have the same diameter as the 

20 medial region, but be composed of larger diameter 
filaments, added windings of filaments or otherwise 
have increased stiffness or resistance to radial 
contraction as compared to the medial region. Yet 
another alternative is to provide fixation elements, 

25 for example hooks, at the opposite ends of the stent. 

In combination with positive fixation of the 
stent ends, a substantial medial overlapping region 
is provided when the stent segments are in a radially 
compressed or delivery configuration. For example, 

30 the overlapping region may comprise three-fourths or 
more of the axial length of the compressed stent. 
Then, upon deployment of the stent, both stent 
segments radially expand and axially shorten. With 
the outer ends of the stent fixed, the axial 
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shortening occurs only along the medial region, 
substantially shortening the region of overlap but 
maintaining the desired axial separation of the 
opposite stent ends. 
5 An open weave of braided, helically wound 

strands or filaments is the preferred structure of 
the tubular stent. The open weave structure enables 
substantial self -expansion in the stent, for example 
to a fixation diameter at least three times the 

10 diameter during delivery. This of course results in 
a substantial corresponding axial shortening in each 
of the stent segments, but due to the overlapping 
medial region of the stent, the overall axial length 
remains virtually constant. \ 

15 A pliable catheter is ~a suitable apparatus for 

delivery and deployment of the stent. More 
particularly, a pliable sheath can surround at least 
the distal end portion of the catheter and extend 
beyond the distal tip to surround the stent segments 

20 as well, maintaining them in a radially compressed 

delivery configuration. The catheter can be provided 
with a lumen, through which a guide wire may be 
inserted to facilitate travel of the catheter and 
compressed stent through blood vessels or other body 

25 cavities to the fixation area. Once the catheter is 
inserted properly to position the stent at the 
desired fixation point, the outer sheath is withdrawn 
proximally, with the stent abutting the catheter and 
thus secured against proximal travel with the sheath- 

30 The distal portion of the stent self -expands first, 
and in expanding against tissue, secures the stent 
segment against proximal travel. With one end of the 
stent constrained by tissue and the opposite end 
constrained by a stationary catheter, the axial 
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length of the stent remains substantially constant. 
Axial shortening of the stent segments, which 
accompanies their radial expansion, tends to diminish 
the length of the medial region and leave the overall 
5 axial length unaffected. 

Following fixation, further yielding of the 
tissue segment can result in further radial expansion 
of the stent. However, with the opposite ends of the 
stent secure, any axial shortening of the stent 

10 segments again affects only the medial overlapping 
region. Thus, the advantages of the open weave 
construction are retained, without an undesirable 
shortening of the stent as it radially self -expands. 

Brief Description of Drawings 

15 For a further understanding of the above and 

other features and advantages, reference is made to ( 
the following detailed description and the drawings, 
in which: 

Figure 1 is a side elevation of a body 
20 implantable device constructed in accordance with the 
present invention; 

Figure 2 is a side sectional view of a catheter 
and sheath retaining the implantable device in a 
radially compressed condition; - 
25 Figure 3 is an end view of the device, catheter 

and sheath; 

Figure 4 is a side sectional view showing 
deployment of the device within a body cavity; 

Figure 5 is a side view of the device fixated 
30 within the cavity; 

Figure 6 is a side elevation of an alternative 
embodiment device in the relaxed or fully radially 
expanded condition; 
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Figure 7 is a side elevation showing yet another 
alternative device in the expanded or relaxed 
condition; 

Figure 8 is a side elevation illustrating a 
5 further alternative device in a radially compressed 
state ; 

Figure 9 is a side elevation of the device of 
Figure 8 in the expanded condition; 

Figure 10 is a side elevation showing yet 
10 another alternative device, in a radially compressed 
condition; and 

Figure 11 is a side elevation of the device of 
Figure 10 in the radially expanded condition. 

Modes for Carrying Out the Invention 
15 Turning now to the drawings, there is shown in 

Figure 1 a body implantable prosthesis or stent 16. 
Stent 16 has an open mesh or weave construction, 
formed of helically wound and braided strands or 
filaments 18 of a resilient material, for example a 
20 body compatible stainless steel or an elastomer, e.g. 
polypropylene, polyurethane, polysulfone or a 
polyester. 

Stent 16 includes coaxial proximal and distal 
stent segments 20 and 22. A medial region 24 is 

25 formed by the overlapping of respective axial ly 

inward portions of stent segments 20 and 22. Axially 
outward, non-overlapping portions of the stent 
segments are indicated at 30 and 32, respectively. 
At opposite ends of the stent are flared ends 34 and 

30 36, each having a greater radius than the nominal 

radius over the majority of the stent length. As is 
later explained, flared ends 34 and 36 provide a 
fixation feature useful to maintain a constant 
overall axial length in stent 16, even while stent * 
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segments 20 and 22 radially self-expand and axially 
contract during fixation. 

In Figure 1, stent 16 is shown in its relaxed 
condition, with no external forces applied to 
5 radially contract the stent. Stent 16 is 

self -expanding in the sense that when not subject to 
external forces, it assumes a diameter much larger 
than the diameter illustrated in Figures 2 and 3. In 
these figures, the stent is elastically deformed and 
10 maintained in a radially reduced configuration by a 
pliable, dielectric sheath 38 surrounding the stent. 

An elongate and pliable catheter 40, of which 
just the distal end region is shown in Figure 2, 
includes a distal tip 42 which abuts the proximal end 
15 of the stent. The proximal portion of sheath 38 

surrounds the distal end region of the catheter. ( 
Catheter 40 has a central lumen 44 open to tip 42 and 
running the length of the catheter, to permit 
delivery of a drug, in liquid form, to the catheter 
20 distal tip from a supply at the proximal end of the 
catheter. Lumen 44 further enables the use of a 
guide wire (not shown) which can be intravenously 
inserted, by its distal end to the desired point of 
fixation for stent 16. With the guide wire in place, 
25 catheter 40, stent 16 and sheath 38 are positioned to 
surround the proximal end of the guide wire with the 
guide wire contained within lumen 44. Then, the 
catheter, sheath and stent are moved distally or 
advanced, directed by the guide wire to the fixation 
30 location, whereupon the guide wire can be withdrawn. 

Sheath 38 preferably is constructed of silicone 
rubber or other suitable biocompatible material, and 
surrounds the stent and catheter at least along the 
catheter distal end region, or along the full length 
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of the catheter if desired. Sheath 38 preferably is 
thin to facilitate intravascular insertion of the 
catheter, sheath and stent, yet is sufficiently thick 
to maintain stent 16 in a reduced radius or delivery 
5 configuration against the restoring force of strands 
18. The outside diameter of the assembly including 
the catheter, stent and sheath is approximately 2.3 
millimeters. 

Stent 16 is particularly well suited for use as 

10 a prosthesis or graft in a blood vessel or other body 
cavity. One advantageous use of the stent occurs in 
connection with percutaneous transluminal coronary 
angioplasty (PTCA) procedures. While such procedures 
afford significantly reduced cost and risk as 

15 compared to coronary bypass operations, acute closure 
and recurrence of stenosis are significant problems 
in up to about thirty percent of constricted or 
blocked passages opened by balloon angioplasty. The 
fixation of stent 16 within a blood vessel along a 

20 previously occluded region tends to keep this region 
permanently open. 

Fixation of stent 16, within a blood vessel 4 6 
having a tissue wall segment 48, begins with 
intravascular insertion of the stent, catheter and 

25 sheath in the delivery configuration shown in Figures 
.2 and 3. The reduced radius facilitates insertion of 
this assembly through blood vessel 46 until stent 16 
reaches a predetermined fixation location along the 
blood vessel. Once the proper positioning of the 

30 stent is confirmed, e.g. through use of one or more 
radiopaque markings on the stent, sheath or catheter, 
sheath 38 is moved proximal ly with respect to 
catheter 40. 
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With distal tip 42 abutting stent 16, the 
catheter prevents the stent from traveling proximally 
with sheath 38 as the sheath is withdrawn. Thus, as 
seen from Figure 4, stent 16 becomes free of sheath 
5 38 over an increasing distal portion of its axial 
length. As each of stent segments 20 and 22 becomes 
free, it radially self-expands until contacting 
tissue wall segment 48, then undergoes slightly 
further radial expansion until the tendency to 
10 radially expand is counterbalanced by the restoring 
force exerted radially inward by the tissue wall 
segment. At the equilibrium condition, shown in 
Figure 5, stent is not fully radially expanded to the 
relaxed configuration shown in Figure 1, and thus 
15 applies a restoring force which tends to maintain the 
stent at the fixation position within vessel 46. 

A salient feature of the present invention is 
the concentric and slidable mounting of stent 
segments 20 and 22 in combination with the fixation 
20 provided by flared ends 34 and 36. During initial 
withdrawal of sheath 38, the distal flared end 36 is 
the first to encounter tissue wall segment 48. Due 
to its larger nominal (relaxed state) diameter, 
flared end 36 tends to radially expand somewhat more 
25 than the remainder of axially outward portion 32 of 
this segment, and applies comparatively greater 
restoring force in the radially outward direction 
against the tissue wall segment. Accordingly, the 
axial shortening of distal stent segment 22 which 
30 accompanies radial expansion, e.g. from a length of 
100 mm when delivered to a fixation length of 50 mm, 
occurs almost entirely by travel of axially inward 
portion 28, distally or rightwardly as viewed in 
Figure 4. The slidable engagement of segments 20 and 
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22 permits such distal travel while proximal segment 
20 remains substantially fixed relative to catheter 
40. 

As sheath 38 is further withdrawn, proximal 
5 segment 20 likewise radially expands and axially 
shortens. As illustrated in Figure 4, much of 
axially outward portion 30 of segment 20 remains 
radially compressed within sheath 38, and thus is 
held fixed with respect to the catheter. 

10 Consequently, the axial contraction of proximal stent 
segment 20 during radial expansion occurs almost 
entirely by virtue of proximal travel of its axially 
inward portion. This of course involves further 
sliding of the stent segments relative to one 

15 another, and further reduces the axial length of 
medial overlapping region 24. 

As seen from Figures 2 and 5, the total axial 
length of stent 16, designated W L" , is substantially 
the same whether the stent is in the deployment 

20 state, or the radially expanded to equilibrium or 

fixation. Proximal stent segment 20 and distal stent 
segment 22 are each substantially shorter in 
equilibrium. However, virtually all of the reduction 
in axial length is reflected in the substantially 

25 reduced length of medial overlapping region 24, which 
accounts for more than three- fourths of the total 
stent length in Figure 2, and only about one-fifth of 
the overall stent length in Figure 5. 7 
Eventually, fixation of stent 16 becomes 

30 permanent by virtue of the embedding of strands 18 
into tissue wall segment 48, and fibrotic growth of 
tissue between and around strands to anchor the 
stent. This type of fixation occurs over a period of 
weeks, and in the intervening time, tissue wall 
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segment 48 may yield to allow further radial 
expansion of a stent, and further axial shortening of 
stent segments 20 and 22. The axial length M L" 
remains substantially constant nonetheless, as this 
5 further axial contraction is again reflected in a 
further shortening of the medial overlapping region. 
Axial contraction occurs along the medial region, 
since flared ends 34 and 36 continue to exert a 
comparatively greater restoring force against the 

10 tissue, thus more securely anchoring the ends as 

compared to the central portions of the stent. Thus, 
the overall length of the stent is maintained not 
only during and immediately after fixation, but in 
the interim until fibrosis permanently secures the 

15 stent . 

Figure 6 shows an alternative embodiment stent 
52, again with concentric and slidably connected 
proximal and distal stent segments as indicated at 54 
and 56. Axially inward portions of the stent 

20 segments overlap to form a medial region 58. Stent 
52 has an open mesh or weave construction, formed of 
helically wound and braided filaments 60. 

Stent 52, illustrated in its relaxed or 
unstressed state, does not include radially outward 

25 flares at its opposite ends. In lieu of flared ends, 
each of stent segments 54 and 56 includes at its 
axially outward end a plurality of reinforcing 
strands 62 connected to the braided filaments 60, 
thus to create respective proximal and distal 

30 reinforced end regions 64 and 66. The reinforcing 
strands 62 can, but need not, be of the same 
construction as the base filaments. In either event, 
the reinforcement strands lend further elastic 
resistance to radial compression, such that a given 
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elastic radial compression of stent 52 requires a 
greater force at reinforced end regions 64 and 66 as 
compared to the force required between these regions. 

Stent 52 can be deployed in the manner described 
5 above in connection with stent 16. Following proper 
positioning of the stent within a blood vessel or 
other body cavity, a surrounding sheath similar to 
sheath 38 is withdrawn proximal ly from its 
surrounding relation with stent 52, allowing the 

10 stent to radially self-expand into contact with the 
tissue forming the cavity. Again, stent 52 is 
selected to have a nominal diameter (in the relaxed 
state) greater than the diameter of the body cavity, 
so that base filaments 60 and reinforcement strands 

15 62 engage the tissue before full expansion, and are 
contained short of full expansion by body tissue, for 
an equilibrium of the restoring force in the stent 
and the oppositely directed restoring force in the 
body tissue. With the stent in equilibrium (as shown 

20 in Figure 5 in connection with stent 16) , reinforced 
end regions 64 and 66 may or may not flare slightly 
radially outward from the remainder of the stent. In 
either event, the restoring force at the reinforced 
end regions is greater than the restoring force along 

25 the remainder of the stent length. Accordingly, the 
opposite ends of stent 52 tend to remain secure in 
their axial positioning relative to the body tissue, 
with axial contraction occurring as substantial 
reduction in the length of medial region 58. 

30 Figure 7 illustrates yet another approach to 

preserving the axial length of the stent, in this 
case, a plurality of fixation hooks 70 at the 
opposite ends of a stent 72 having a slidably 
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interconnected and coaxial proximal and distal stent 
segments 74 and 76. Fixation hooks 70 present some 
risk of injury and thus are more limited in their 
application than the fixation alternatives previously 
5 discussed. Nonetheless, hooks 70 provide a positive 
and immediate fixation of stent 72 within a cavity at 
the opposite stent ends. Subsequent radial expansion 
and axial contraction of stent segments 74 and 7 6 
serves to reduce the length of a medial region 78, 

10 preserving the overall length of the stent. 

Figures 8 and 9 illustrate a further embodiment 
stent or prosthesis 80 including a proximal segment 
82, a distal segment 84 and a center segment 86 
slidably engaged with the proximal and distal 

15 segments. All three segments of prosthesis 80 have 

the previously described open mesh or weave ( 
construction of braided filaments. Stent 80 thus 
includes two overlapping regions intermediate its 
proximal and distal ends 88 and 90, namely a proximal 

20 intermediate region 92 and a distal intermediate 

region 94. While center segment 86 is shown with a 
smaller radius than the other segments for 
convenience of illustration, all segments preferably 

r have substantially the same radius. 

25 Figure 9 illustrates stent 80 in the relaxed or 

radially expanded state. Each of segments 82, 84 and 
86 has a reduced axial dimension as well as a larger 
radius. Nonetheless, the axial distance between 
proximal end 88 and distal end 90 remains about the 

30 same, with virtually all of the axial contraction 
reflected in the substantially reduced axial 
dimensions of intermediate overlapping regions 9? and 

94. 
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Prosthesis 80 can be deployed in the manner 
described above in connection with other embodiments. 
Following the desired positioning of the prosthesis 
within a blood vessel or other body cavity, a 
5 surrounding sheath is withdrawn slidably or folded 
back from a surrounding relation to the prosthesis, 
permitting it to radially self-expand into contact 
with a tissue wall segment forming the cavity (not 
shown) . Of course, the diameter of the cavity should 

10 be less than the normal or radially expanded diameter 
. of the prosthesis. Prosthesis 80 does not utilize 
any special end fixation structure such as the 
earlier described hooks, reinforced ends or flared 
ends. Rather, the prosthesis is positioned by virtue 

15 of the self-expansion and restoring force of the 
segments, to maintain their relative positions, 
particularly during their deployment and release from 
a sheath or the like, but also after fixation. It 
should be noted that this approach is suitable for 

20 the two-segment stents earlier described, although 
some type of end fixation means facilitates 
maintaining a constant axial length of the stent. If 
desired, a fixation structure can be provided at ends 
88 and 90. 

25 Figures 10 and 11 illustrate yet another 

embodiment stent 96 including proximal and distal 
segments 98 and 100, slidably engaged and overlapping 
along. a medial region 102. A strand or wire 104 runs 
parallel to stent 96 and is secured at points 106 and 

30 108 near proximal and distal ends 110 and 112, 

respectively. Wire 104 is sufficiently flexible to 
bend along with stent segments 98 and 100 during 
delivery of the stent to .the point of fixation. Yet 
the wire is stiff and substantially inextensible in „, 
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the axial direction. Consequently wire 104 maintains 
a constant axial separation of proximal end 110 and 
distal end 112, whether stent segments 98 and 100 are 
radially confined as shown in Figure 10 or radially 
5 expanded as seen in Figure 11. With wire 104 

positively determining the total length of stent 96, 
all of the axial contraction of stent segments 98 and 
100 is reflected in the reduction of medial 
overlapping region 102. While the provision and 
10 securement of one or more wires 104 add to the cost 
of stent 96 as compared to other embodiments, the 
wire ensures that the stent length remains constant, 
regardless of the amount of radial expansion during 
fixation. 

15 The above embodiments all feature an open weave 

or braided construction of resilient filaments for a 
self-expanding stent or prosthesis. As an 
alternative, the stents can be constructed of 
plastically deformable strands. Such stents are 
20 delivered in a reduced-radius configuration, and 

after positioning, are radially expanded by dilating 
a catheter balloon or the like, e.g. as in the 
aforementioned Palmaz patent. Moreover, while the 
disclosed embodiments are employed in blood vessels, 
25 it is to be appreciated that these stent designs are 
suited for other body cavities as well, e.g. the 
urethra, biliary tree or tracheobronchial tree. 
Regardless of whether hooks, reinforcing strands or 
outwardly flared end portions are employed for outer 
30 end fixation, the full axial length of the stent is 
maintained substantially constant, unaffected by 
radial expansion and accompanying axial contraction 
of the engaged stent segments. Accordingly, upon 
deployment and in the ensuing weeks after fixation, 
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the functional advantages of a helically wound, 

■ 

braided filament design are achieved without the 
disadvantages associated with axial shortening. 
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CLAIMS 

1. A device for fixation in a body cavity, 

comprising: 

a stent (16) including generally tubular 

5 and coaxial first and second open weave stent 

segments (20, 22) slidably engaged along respective 

first and second axially inward portions overlapping 

one another to form a medial region (24) of the stent 

(16), said stent segments (20, 22) further including 

10 respective non-overlapping first and second axially 

outward regions (30, 32) including respective and 

opposite first and second ends (34, 36) of the stent 

(16) ; 

said stent segments (20, 22), at least 
15 along said axially inward portions, having a 

predetermined first diameter and a predetermined 
first axial length, said stent segments (20, 22) 
being radially compressible to a second diameter less 
than said first diameter and to a second axial length 
20 longer than said first axial length, to facilitate an 
axial insertion of said stent (16) into a body cavity 
for delivery to a selected location therealong and 
subsequent fixation of the stent (16) within the 
cavity by effecting an engagement of the stent 
25 segments (20, 22) with a tissue wall segment defining 

said body cavity; and 

wherein said first and second axially 
inward portions slide relative to one another to 
reduce the axial length of said medial region (24) as 
30 said stent segments (20, 22) radially expand into 
said engagement, thus to maintain a substantially 
constant axial length of said stent (16) during said 
radial expansion. ~ • 
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2. The device of Claim 1 wherein: 

each of said stent segments (20, 22) is an 
open weave construction of helically wound filaments 
(18) of a resilient, body-compatible material. 
5 3. The device of Claim 2 further including: 

a means for fixing said first and second 
ends (34, 36) to said tissue wall segment. 

4. The device of Claim 3 wherein: 

said stent segments (20, 22) are flexible 
10 and have said predetermined first diameter and first 
axial length when not subject to external force, and 
are elastically compressible to said second diameter. 

5. The device of Claim 4 wherein: 

said fixing means comprises first and 
15 second flared outer end portions of said first and 
second axially outward regions (30, 32), 
respectively, whereby said first and second ends (34, 
36) have diameters greater than said first diameter 
when the stent (16) is in the relaxed state. 
20 6. The device of Claim 5 wherein: 

the diameters of said first and second ends 
(34, 36) are greater than said first diameter by at 



7. The device of Claim 6 wherein: 

25 the axial length of each of said flared 

outer end portions is less than one-third of the 
axial length of its associated one of said stent 
segments (20, 22). 

8. The device of Claim 4 wherein: 

30 said fixing means comprises elastic 

reinforcing strands connected to said filaments along 
first and second outer end portions including sa^d 
first and second ends (34, 36), -respectively. 

9. The device of Claim 3 wherein: 
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said fixing means comprises first and 
second pluralities of fixation hooks mounted to the 
stent (16) at said first and second ends (2 4, 36), 
respectively. 

5 10. The device of Claim 1 further including: 

an elongate, flexible and substantially 
inextensible member running axially and connected to 
said first and second stent segments (20, 22) 
proximate said first and second ends (34, 36), for 
10 maintaining the axial length of the stent (16) 
constant during said radial expansion. 
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